Abstract: The changes in the barrier properties due to the damage imposed on the SiOx deposited nylon 6 films accompanying various deformations such as bending and elongation were examined by evaluating the corrosion rate of the copper plates by H2S kept in the pouches made of the damaged films. After application of elongational deformation of as high as 2% or less, only slight corrosion of the copper plates, almost similar to those of the copper plates kept in the pouches made of undeformed films, was observed. After application of elongational deformations of 3% or more, the corrosion of the copper plates was more distinct and proceeded significantly with time, Bending deformation given to the SiOx deposited nylon films also deteriorated the barrier property to H2S when the radius of curvature at the bent part was small. Comparison of the corrosion rates of the copper plates kept in the pouches made of films deformed in various ways and undeformed commercial films shows a clear relationship between the H2 permeation rate of the films and the corrosion rate of the copper plates by H2S.
INTRODUCTION
Transparent high barrier films utilized for the packaging of foods, confectioneries, toiletries, and electronics have been manufactured by the coating of a thin ceramic layer, such as SiOx and Al2O3, on flexible plastic films [1] [2] [3] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . However the superior barrier property of ceramic coated plastic films may be degraded by the damages accompanying the stretching and bending processes, which are commonly subjected to the films in the conversion processes and during daily usage [4] [5] [6] . Changes in the surface morphology and the barrier property of SiOx-deposited nylon 6 films accompanying various deformations were also investigated by the present authors [7] [8] [9] . Among these deformations, only elongational and bending deformations are well defined in magnitude while the magnitudes are rather ambiguous in other deformations such as abrasion and flexing in Gelboflex tests [23] .
In this study, changes in the barrier property of SiOx deposited nylon 6 films accompanied by the damage introduced by elongation and bending were examined. Generally the barrier property of the plastic films is examined by the measurements of oxygen and water vapor permeation rates. However hydrogen permeation rate of the films has attracted a considerable attension recently to the industrial researchers who have been developing a fuel cell. Further it is important to know the resilience of so called high barrier films when exposed to corrosive and poisonous gases such as hydrogen sulfide 12S. This paper will report the rate of corrosion by H2S of copper plates packed in pouches made of SiOxdeposited nylon 6 films damaged by elongational and bending deformations. Change in permeation rates of H2S obtained were compared with that of H2 permeation rates.
EXPERIMENTAL

2.1, Materials
SiOx-deposited biaxially oriented nylon 6 film (SiOx-ON) (MOS-NO, Oike Industrial Co., Ltd.) was used as a sample. This film was manufactured by the vacuum deposition of a SiOx layer on a biaxially oriented nylon 6 film (EMBLEM-ON, UNITIKA Co., Ltd) using the heating system of an electron beam. The mixture of Si and SiO2 was used as an evaporation source. The thickness of the deposited SiOx layer was determined to be 40nm by measuring the light transmittance at 320nm and by measuring the weight of burned ash.
Five other kinds of commercial general purpose and high barrier films were also used for comparison. The general purpose films include oriented polypropylene (OPP) (U-1, To-Cello Co., Ltd.), poly (ethylene terephthalate) (PET) (EMBLET, UNITIKA Co., Ltd.), and oriented nylon 6 (ON) (EMBLEM-ON, UNITIKA Co., Ltd). High barrier films include polyvinylidene chloride coated oriented nylon 6 (PVDC-ON) (EMBLEM-DCR, UNITIKA Co., Ltd.) and SiOx- The changes in the reflectance at a wavelength of 620 nm and the psychometric lightness are plotted in Fig. 2 as functions of the period of exposure to H2S. It was clear from the changes in these properties that the corrosion of the copper plate proceeded more rapidly with the increase of elongational strain up to 5%. However at a 10% of strain, the corrosion proceeded significantly and even more severely than that of the copper plate kept in the pouch made of the undeposited film. These results indicate that cracks and voids were formed on the SiOx layer and the substrate films became thinner at higher elongational strain level. Figure 3 shows the change in the appearance of copper plates packed in the pouches made of SiOx-ON films after being wound on steel rods with various diameters. Within 1.5hrs of exposure to H2S gas, distinct changes were observed on the surface of copper plates irre- exposure time to H2S, the reflectance and the psychometric lightness L* measured at 0.5hr of exposure were plotted. Both the reflectance and the psychometric lightness are inversely proportional to the logarithm of the H2 permeation rate. However, those for the higher barrier films and general purpose films show different correlations to the H2 permeation rate. SiOx-ON films deformed by bending and those deformed by elongation up to 5% were classified as high barrier films. Those values of the film elongated up to 10% were classified as general purpose films.
Deformation by Bending
It should be noted that the spectral reflectance and the psychcometric lightness drastically dropped when 10% of elongational deformation was given to a SiOx-ON film, although SiOx-ON films stretched 5% and 10% showed similar H2 permeation rates. According to AFM observations [6] revealed that the SiOx-ON film stretched 5% has a lot of linear cracks perpendicular to the stretching direction while that stretched 10% has linear cracks parallel to the stretching direction as well as those perpendicular to the stretching direction. Such dis- crepancy may be due to the difference in dimension of H2 and H2S molecules. SiOx-ON film stretched 5% may have micro-cracks parallel to the stretching direction although they were not detected in AFM observation. Although H2S molecules were not able to pass through these micro-cracks, H2 molecules are so small that they passed through these micro-cracks easily.
CONCLUSIONS
We examined the damage imposed on SiOx, deposited nylon 6 films accompanied by elongation and bending Change in the gas barrier property with the progress of damage was evaluated based on the corrosion rate of the copper plates kept in the pouches made of the damaged films and exposed to H2S.
After application of elongational deformation of as high as 2% or less, only slight corrosion of the copper plates, similar to that of the copper plates kept in the pouches made of undeformed films, was observed. After application of elongational deformations of 3% or more, the corrosion of the copper plates was more distinct and proceeded significantly with time. Bending deformation given to the SiOx deposited nylon films also degraded the SiOx coated films deformed by bending and those deformed by elongation up to 5% still fell into the category of the high barrier films, those film elongated up to 10% fell into the category of general purpose films.
